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Thie T e c h d c d  Yep* \ w ~ s  F ed ar: requeetod by MSFC at t h e  

Vehicle Meetin(; held at KTY: 

on Wmbar 20, l%3. The. t t e d  to 1- 

niViLl U l e  requiraments of Contract tr 7-101 as wted  

s Aircraft Raport SW-41410: Data at'bmittal 

ent saturn S-XE systam, f tan 3.8, bted rW. 

The purpaee of the rt is to prcsent an 

atfon oi the  Lag-and "Phrust Etructure SF Eiate by 

the R is 
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It is essan$ia% that la the d 

mass syetso. Sllhan, the o 

can be rly sized so tkrat artVic1al 03' the rara 







2.0 E a . .  1 : n X P & . 7 r i A ?  OF rLDC4F33.'2C q 1 ' Z  : 1: .TIOI. ( : .ef. 1 ) - -- - 

zc m y t h &  of anr*&vci~ irr by lgiitrtX E 8 ~ 1 ' , 9 , n t : o r  af' t3e 
.- 

rcxCl:t.ri\rc: e-;t.~?tions, nn& t h e  hCe%e11-%k .r: ~;at:or,r. :ir. t, 

t h e  nct~*%l, s L r u c t w e  16 r ep lack  by P& Id*xl:z@C c Y ~ t r e t +  

~truc lm-e ,  a ~ t r u c t ~ t .  c a u p e c l  of a finit*. nuzbnr of m.mFcrt 

coraecter! a t  a f i r A t ~  cmhr of jointc, as d i s w s e d  in 

Refmnce  1. =he i d e i l l i z e d  structure ir rut au tamt2en l l ; -  

& t h e  cuq*.rt :r progran which selectr ,  i t s  abn r&wx?antr, 

uptimized to  y i ? l d  well-candlttloned wttr3.x ertsatfonr. 

Benec, the  forces o t  the cuts a r e  cmELLl cm.pr-xi to other 

forces in t he  strucfme. 

The machine then breaks the ~taticaUy detsmdrxitr structure 

into f r ee  boi?ies, writes and salver t h e  ecxalion M equitli- 

brim, and writes aml solves t h e  P 

equatiom. il pr lnc ipd  ustoapticm is that the structwe i c  Ilnoa-; 

Lhc rclatlonzhipr between e x t e n d  load,  * c?irglacasant, 

internal force aai! Oeflectior? oi the structure ir, 1i~ea.r. 

w e  02' the Re- 

d d a n t  Farce. Method. 



:2*e~Jizcqt,ion a? t h e  c~~z& l .e~  r ; t ~ c t ~ ~ - e  b-ithin t h e  lbit ' 

. I . The idcfd.l.zc~t2 on of . 
I ,  

t h e  ginbal c ~ t i ~  lc o u t l l n d  i n 4 . f i E m  3, 4 t h e  i d r a l l m t i ~ n  

09 tilt. thrust ~tructur@ in ?i(yur . R z e s  

this st* l i e s  k.ith2.n Lhc t;g;;lckcle mclsr-e0 b;. t h e  +X coo~.clim-t? 

e thfn  the '1: ~ 1 - e .  3 1 2 6  YC is a p l m e  of' z: f1~11etq arid 

the coorhfnate section f :- a mirror e aS the t X  portim. 

Each otrl~nger md I t s  efeective uiekh ol &in .as a r s m d  to 

cnrrjr m.ly axfd loads. In the att trvo b q s  af the thnxt 

~t.ucture idcalimtlon, stringers on8 their ef fec t lvz  s k i n  

pordicms were w019cly 1 e bar to reduce +&e 

csr oi eyuaticms, The value's dete by win43 t h i s  3?ro- 

cedure me mt c,ciectd a~preciably slnce the ctructure is 

f art he^ t the point 1M lrrad apFlication rud the l@ will. 

hsrc distr¶.buted i<self beime mchlng t h i s  -a. 

2.2 kas.lytieal Proc&use- e 

The achaaatic d i  ( B 3 and 4) crP the idesJUzdd s+?xuc- 

ttrra shww the exte L ions listed in Table'lO, 

"A". The bimctioa cosines of th6 vecLars 

12. 

The skin paine3.s are attach& to the bara at the raid-points ol" 
O 

each met a t  *are tho sbar is tted. The b a s  . 
can t s  as v a  as Xocds rtad i r  wte& 
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Tek2: 60 2rtscmlbes %he fm c s m e r s  ol" ea& of t h e  ~waels 

Ii:trt"r:.. 312 pint c s o m n a l e ~  arc in Table 30. ':"lac section 

Tables 102 th ru  107 a r e  t he  p r h t e d  of the tic 
I . . .  . 9 . ;  

canCu%ations. Tables 1% and 107 I rli'e the deflection influence . . , * .  
I S  ' 

coeff'icient mtrlcer,. Mat* 883 identLficr the onelkip in- , , I - a  

I . a  ' .  
flucnce coe,fYYcient for the +X codrdimte portion of the  atruc- , .  ' , , ,  1 ' 1  .. 

turr;  at^: 8841 identifies the  X*prt ion .  \ due to ths load ., J .  - - -.c 

t i  4 a 

P has been x td i f l ed  tc 855 r low9 i%ch/ to reflect (1) the 
1 

beam ty-pe of idealization for the p b t e  of the O b a l  casting 
4 ,  

i n t e r f ace ,  and ( 2 )  the &ec$ of a W o r m  load a t  the lnt&ace . . - . 
nither than a point laad at the  en&& p i n t .  



%fie? r-%rrgly w a ~  &e a dete  conoltiol? 

tar Lhls; ais, 

In thic ~ t u d y  t h e  thntet stmctszre cnnd Ule ltft ead were a r m e d  

tc LCL &g a cantil~~ered beam (~eierace Figure 6). I$ amh.iw a 

ent at the engine gi.xuba.1 point d varJring t h e  l e m h  of the  

baara we were able to ddermiac the rotational effect8 at the gbbaf. 
d 

point. 

lthe results aP t h i s  study arw shown in figure 7 vf tb  the  manant of 

inertia end rotation a t  the  ghbal p o w  plotted as ordlaater;, and 

the  s k t i o m  (~s i srence  6 )  plane as tho abscissa. The fl 

shows that +he rotation oi the gimbal point does nut vary nppreelably 

tely statin& 81.4239, vhich is the ent point ob the 

af% bulkhead an8 thrust structure, to the ent point of the cUt 

bulkhead and af't aMrt section statiaa 186,147. Therefore  tati ion 

87.429 was used as the leal &th model. 

8tructtp.e only considered 

ies vem mttad in the c 

' (menwe d have ilattad out 

rtiric vpre i n c l r d d .  
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b% r. ?r, m'f..-x? wJt 1322, 5. ' 5 5  a ~ l l + : i  q? th'! ~L~rbt'3 ~ a l r 2 ,  

t ho  Cr:'lantion c . t  t h e  psS5rl p i n t  !: $v-n by ' l ' ab l~  3 Ir, - 
r - -ir 8';: x 10 inch 
a 1: 

) r . 
f i r i f  ~ f r t f o n  a t  the  &I.' actvator ir. dFrb-acttor, k f- Y ~ b 1 ~ :  1 

3 r , 5 = 705 x lo-'$nch A 

1;1 
', t 7 

. t  *'** 
e For FE ~rpmmi ,lo.sd, Pbl hml i?d  a t  t h e   yo.^' nctuator, ', . 

8 , -  - , t '  

& l,,L 706 x 1~-' inch 

-4 5 &-= 3108 x 10 , inch 

.r r 
?he c1z-1 a? tb.i 5elecrtfons ?or fo--.at at I ( ~ ~ ~ Z C W P ~ C  

I 

. * ' ~ i c v e  8) due $0 -P ~ c t i n g  :.iDNltan-nu~xv with .1 . * .  

-P 
1 -875 x lon  inch 

p4 706 
03-49 x low9 inch 

-706 x loo9 inch 

a08 
24432 x lo9 inch 

{ ) -143 

2551 x l o4  inch 
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a,rcqo 
0.C3CO 
d.OOL.0 
3.0000 
O'(r7CO 
;7.Cc100 
5,COCO 
3.0060 
0.0000 
0. ccoo 
C . @ ~ ~ O  
O.Ofir,O 
0. "00 
O*C~OO 
3.OCCO 
0.0000 
0,0700 
0. C030 
C. 0000 
0.0000 
0.0000 
1 .Ccl@O 
0.0000 
0.00~0 

A PROPERTIES 

O.OS00 
0. OCOO 
0. COO0 
0 .  DCOO 
O.OOQ0 
6.0300 
0.0t00 
0. CCOC 
S.CO00 
3.0000 . 
0. OCOO 
o.cc90 
0.0030 
0. COO0 
0.0000 
o.cco0 - 
0. OJOO 
0.0000 
0.OCOO 
a"oco0 - 
0.C000 
1.0000 
0. GOO0 
O.CCO0 

Table 100 
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sue xC)4 R ~ D u N O ~ ~ T  FORCE STRESS A n A L V S l S  ' PROC. &0%.0 A N A L V f l S  35 CASE 34 

J O I N T  EXTERNAC REACTtOlUS 

PHASE IV C I I T R I X  RW FOEWhT . 
FORCE J O I N T  P O I N T  OIR. REFEREMCE F ' ~ R C E  J O I N T  P O I N T  , ClR. 
I R C W )  KO. MO 0 NO* ' I ROW 1 YO. NO* NO. 

J WE 
JFE 
J F E  
J F E  
JRE 
J F  E 
J F E  
J F  E 
J WE 
JFE 
JFE 
J F E  
JFE 
JFE 
J F t  
J F E  
JME 
JFE 
JFE 
J F E  
JME 
JFE 
J F E  
J F E 
JRE 
J F €  
J F E  
J F E  
J F E  
J F F  
J F  E 
J F E  
JCI! 
J WE 
J F E  
J F E  
J F E  
JRC 
JF E 
J F  E 
JFS 
JRE 
JF E 
J F E  
J F E  
JFE 
JC€ 

nun 1 

J F E  
J F E  
JFE 
J *F 
J F E  
J F E  
J F E 
J ME 
I f  E 
JFE 
JFE 
I F t  

J F L  
J F E  
J C F  
r P f  
J F E  
J F E  
JFE. 
JFE 
J F E  
JFE 
JFE 
JFE 
J F E  
J F E  
JFE 
J F E  
JFE 
J F E  
J F F  
Jf E 
J F E 
J F E  
J * E  
J F€ 
J F E 
J F E  
JFE 
J f E  
J F E  
J FF 
JFE 
J F F  
JCF 
J F C  
J f t  



J O I N T  EXTERNAL REACYtONS 

aHrSE IV r b r 4 t a  RGU F O R B ~ T  . 
FORCE JOINT PCINT O I R .  REFERENCE FOeCE JOlk? POINT C I R .  R E F E R E N C E  
(%Cub r M0. ne. MU. (ROW NO. YO. NO. 

9 JFE 
1 JFC 
4 J "E 
2 JF E 
9 JFE 
8 JFF 
4 J M E  

2 J F E  
4 J F E  
1 J F E  
3 J F E  
5 JFE 
1 JRE 
5 JME 
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